To our knowledge, population-based data on retinal emboli are limited in Asia. Besides its associations with traditional cardiovascular risk factors and stroke, associations between retinal emboli and renal disease and function remain unclear.
R etinal emboli are discrete plaquelike opacities observed in the lumen of retinal arterioles. While it can be an incidental finding in otherwise asymptomatic persons, the presence of retinal emboli is associated with a higher risk of stroke and stroke mortality, independent of traditional cerebrovascular risk factors, such as smoking, hypertension, diabetes, and dyslipidemia. 1, 2 Our current understanding of the epidemiology of retinal emboli remains limited, with only a few studies that have provided population-based data. [3] [4] [5] [6] These studies reported prevalence rates of 1.3% to 1.4% in older white populations. [5] [6] [7] Notably lower prevalence estimates (0.4%-0.6%) were reported in nonwhite populations. 3, 4 Direct comparison of these findings is difficult owing to various methodological differences between these studies. Furthermore, given the rarity of the condition, previous studies had limited power to assess some of the risk factors or associations. In particular, although the associations of retinal emboli with conventional cardiovascular risk factors have been described, to our knowledge, the potential link with renal function and disease has not been evaluated. This is relevant in the context of atheroembolic renal disease, which is increasingly recognized as an important clinical syndrome. 8 Atheroembolic renal disease is a form of renal dysfunction secondary to embolic occlusion of the renal circulation that can occur spontaneously or after intravascular trauma or anticoagulation. Retinal emboli are thought to be one of the key clinical manifestations of atheroembolic renal disease, 8 but to our knowledge, there are no population-based data on their associations with renal disease or its measures. Moreover, about 4.5 billion people, more than half of the world population, live in Asia. 9 There is a lack of epidemiological data on retinal emboli in Asian populations. In this report, we examined the prevalence and associations of retinal emboli in the Singapore Epidemiology Eye Disease (SEED) study. The large combined sample size of the SEED study and the identical methods used in the study cohorts allows for more direct and valid intraethnic data comparison and offers greater power to assess conventional and novel risk factors, including the possible association of retinal emboli with renal disease.
Methods

Study Population
The SEED study is the largest epidemiological eye study in Asia, including 3 major Asian ethnic populations (Chinese, Malay, and Indian individuals) living in Singapore. Detailed methods of these studies have been described previously and were identical to allow direct comparison between the studies. 10, 11 In brief, we selected persons aged 40
to 80 years residing in southwest Singapore during each stipulated study period from a computer-generated list provided by the Singapore Ministry of Home Affairs using an agestratified (by 10-year age groups) random sampling method. The numbers of eligible persons were 4168 Malay persons, 4497 Indian persons, and 4606 Chinese persons. Of these, 3280 Malay persons (78.7%), 3400 Indian persons (75.6%), and 3353 Chinese persons (72.8%) participated in the study. Participants who had moved from their residential address, had not lived there in the previous 6 months, or were deceased or terminally ill were ineligible. In each ethnic cohort, nonparticipants were older than participants (P < .001), but there was no sex difference. Of the 10 033 participants, 55 were excluded owing to ungradable retinal photographs, leaving 9978 participants (99.5%) for analysis. Baseline characteristics of the SEED study populations have been described previously.
10,12
Retinal Photography and Assessment
We used a digital fundus camera (Canon CR-Dgi with 10D singlelens reflex camera digital camera back; Canon) to capture color photographs of Early Treatment Diabetic Retinopathy Study standard field 1 (centered on the optic disc) and Early Treatment Diabetic Retinopathy Study standard field 2 (centered on the fovea) of each eye after pupil dilation. Photographs were sent to the University of Sydney in Sydney, Australia, and were graded for retinal emboli based on the Blue Mountains Eye Study (BMES) protocol. 3, 6 The photographs were read by one of 2 graders who were masked to participants' information to detect the presence of emboli. Each photograph with retinal emboli was classified as cholesterol, fibrin-platelet, or calcific type for the embolus, and 2 retinal specialists (N.C. and K.T.) adjudicated all the cases. Examples of the cases for retinal emboli are illustrated in the Figure (eFigure in the Supplement).
Systemic Assessment
All participants underwent a standardized questionnaire and examination, including collection of blood samples.
Key Points
Question What are the prevalence and systemic associations of retinal emboli in Asian individuals?
Findings In this population-based study of 9978 individuals in Singapore with gradable retinal photographs, age-standardized prevalence of retinal emboli was 0.75%, and the prevalence rate was highest in Indian persons, followed by Chinese and Malay persons. Besides its associations with traditional cardiovascular risk factors and stroke, prevalent retinal emboli were also independently associated with chronic kidney disease and its measures.
Meaning Although based on 88 individuals among 9978 participants, these findings suggest the prevalence of persons with retinal emboli is generally low in Asian populations, but such persons may require both general cardiovascular as well as renal assessment.
Demographic data, socioeconomic measures, and self-reported history of systemic diseases, including stroke, acute myocardial infarction, and angina, were elicited from the interview. Surgery for heart attack was defined as self-reported history of having had coronary artery bypass surgery, coronary angioplasty, or cardiac valve replacement surgery. Overweight was defined as a body mass index (calculated as weight in kilograms divided by height in meters squared) of 25 or greater. Hypertension was defined as a systolic blood pressure of 140 mm Hg or greater, a diastolic blood pressure of 90 mm Hg or greater, or use of antihypertensive medications according to the protocol used in the MultiEthnic Study of Atherosclerosis. 13 Diabetes was self-reported or defined as a random glucose level of 200 mg/dL (to convert to millimoles per liter, multiply by 0.0555) or greater or use of oral hypoglycemic medication or insulin. Hypercholesterolemia was defined as a total cholesterol level of 239.38 mg/dL (to convert to millimoles per liter, multiply by 0.0259) or greater, and abnormally high low-density lipoprotein cholesterol was defined as 158.3 mg/dL or greater. An estimated glomerular filtration rate (GFR) was used to assess renal function. Chronic kidney disease was defined as an estimated GFR less than 60 mL/min/1.73 m 2 from serum creatinine. 14 
Statistical Analysis
Retinal embolus was analyzed as a binary outcome variable. All potential risk factors were analyzed either as binary traits or as per unit or SD change for continuous variables. Prevalence estimates and 95% CIs of retinal emboli were calculated and standardized to the population distribution from the 2000 Singapore Census. 15 The distribution of each predictor variable was compared between individuals with and without retinal emboli using χ 2 and t tests for categorical and continuous variables, respectively. Logistic regression models were used to estimate the odds ratios and 95% CIs for retinal emboli for each risk factor, initially adjusting for age and sex (model 1) and additionally adjusted for ethnicity, smoking status, systolic blood pressure, body mass index, total cholesterol level, glycated hemoglobin A 1C , and GFR in multivariate analysis (model 2). All P values were 2-sided, and statistical significance was set at P < .05. All analyses were performed using Stata version 13 (StataCorp).
Results
Of the 9978 participants, 5066 (50.8%) were female. With 88 individuals with retinal emboli identified, the overall personspecific and age-standardized prevalence of retinal emboli was 0.75% (95% CI, 0.60-0.95), with prevalence rates of 0.73% (95% CI, 0.47-1.11) among Chinese persons, 0.44% (95% CI, 0.24-0.76) among Malay persons, and 0.98% (95% CI, 0.68-1.39) among Indian persons (P = .02). Of the 88 participants with retinal emboli, 2 participants (2%) had emboli found in both eyes. Three participants (3%) had multiple emboli in 1 eye. One participant (1%) with retinal emboli was also found to have retinal artery occlusion. Of the participants with retinal emboli, 52 (59%) had the cholesterol type, 17 (19%) had the platelet-fibrin type, and 8 (9%) had the calcific type. Eleven participants (13%) had retinal emboli ungradable for a definitive type. There was no ethnic difference in the type of retinal emboli in our study (P = .29). Table 1 summarizes the characteristics of the participants with and without retinal emboli. Compared with participants without retinal emboli, those with retinal emboli were more likely to be older, of Indian ethnicity, and have hypertension, higher systolic blood pressure, diabetes, chronic kidney disease, cardiovascular disease, angina, or stroke. Table 2 shows the systemic and ocular associations of retinal emboli. In multivariable-adjusted analysis, factors associated with retinal emboli were older age, Indian ethnicity, current smoking, hypertension, chronic kidney disease and its related measures (lower GFR and higher creatinine levels), and history of previous stroke. Further analysis shows the associations of these factors with retinal emboli in each of the ethnic cohorts. The pattern of the observed associations was similar across the ethnic groups for some but not all the factors (eTable in the Supplement). Of note, the association of retinal emboli with chronic kidney disease was positive among the Chinese and Indian cohorts only, while smoking was most strongly associated with retinal emboli in the Malay cohort.
In an additional supplementary multivariable-adjusted analysis (data not shown), we controlled for hypertension status rather than systolic blood pressure, which could be affected by use of antihypertensive medications. The associations of retinal emboli with the renal outcomes remained similar. In analysis stratified by hypertension or diabetes status, the associations of retinal emboli with renal function and chronic kidney disease were also similar. In particular, the association between retinal emboli and lower GFR remained in those with or without hypertension or diabetes.
Discussion
To our knowledge, the SEED study represents the largest population-based study on the prevalence and risk factors of retinal emboli in a multiethnic population in Asia. Our data suggest that the person-specific and age-standardized prevalence of retinal emboli was 0.75% among middle-aged to older persons in Singapore. The prevalence varied by ethnicity and was higher in our Indian cohort (0.98%) compared with our Chinese (0.6%) or Malay (0.43%) cohorts. After adjusting for potential confounders, factors found to be associated with retinal emboli were older age, Indian ethnicity, smoking, hypertension, chronic kidney disease and its related measures (lower GFR and higher creatinine levels), and history of stroke.
As previously reported from our Malay cohort, 3 our Chinese cohort similarly had a lower prevalence of retinal emboli (0.6%) than that of the previous studies in white populations. The Beaver Dam Eye Study reported a prevalence of 1.3% for retinal emboli in the United States, while the BMES reported a prevalence of 1.4% in Australia. 5, 6 Retinal emboli in our study were ascertained from 2 digital images per eye, a simpler method than that used in the Beaver Dam Eye Study and the BMES. However, our prevalence rate in Chinese persons was similar to that of the Los Angeles Latino Eye Study (0.4%), 4 which assessed retinal emboli from stereoscopic photographs of more retinal pho- tographic fields. This may suggest that the lower prevalence seen in our Chinese cohort may not be entirely because of methodological differences in retinal photography. Our data indicate that the prevalence of retinal emboli was highest among Indian participants. This was not likely owing to differences in the distribution of risk factors across the ethnic populations in our study. Age, hypertension, and cigarette smoking are the most consistent risk factors previously reported for retinal emboli. The prevalence of retinal emboli was consistently highest among the Indian cohort across all age groups (data not shown). Second, the proportion of older participants (70 years or older) was lowest in the Indian cohort. 10 Third, rather than the Indian cohort, the Malay cohort had the highest prevalence of hypertension, chronic kidney disease, current smokers, and higher creatinine level despite having the lowest prevalence of retinal emboli. 10 Furthermore, compared with Malay ethnicity, Indian ethnicity was associated with more than 3-fold increased odds of retinal emboli, even after adjusting for age, smoking, and levels of blood pressure, cholesterol, and renal function. All these collectively suggest that the potential confounding effects of these risk factors may not account for the association of retinal emboli with Indian ethnicity among Asian individuals. Additional studies are needed to determine the reason for this finding.
Several cardiovascular risk factors have been associated with retinal emboli in previous population-based studies. 4, 5, 7 Consistent with these studies, we found associations of retinal emboli with older age, smoking, and hypertension. Although the cholesterol type of retinal emboli was the most prevalent type found in our study, our data showed no independent association between retinal emboli and hypercholesterolemia or levels of individual cholesterol subtypes. Similarly, the BMES did not find any association between prevalent retinal emboli and levels of total cholesterol, triglycerides, and high-density lipoprotein cholesterol. 7 Previous studies have shown that people with retinal emboli were more likely to have carotid artery disease and had higher risk of stroke. 1, 2, 5, 7, 16, 17 Our data further reinforce the association between retinal emboli and stroke. By virtue of its anatomic orientation, the central retinal artery represents an end artery of the cerebral circulation. Emboli seen in the retina may therefore reflect thromboembolic events that occurred in the brain or elsewhere in the body (eg, carotid artery). About 10% of the patients with retinal emboli may have significant ipsilateral carotid artery stenosis, and of these, about half of them required carotid endarterectomy. 18 Therefore, although the temporality of the relationship could not be determined in our cross-sectional study, it is generally Another important new finding, to our knowledge not examined in previous population-based studies, is the association of retinal emboli with renal function and chronic kidney disease. Our results show that higher creatinine levels and lower GFR, 2 indicators of renal dysfunction, were both consistently associated with retinal emboli, independent of age, smoking, blood pressure (or hypertension status), and other risk factors. In stratified analysis, the association between retinal emboli and lower GFR (ie, renal function) remained similar, even in participants without hypertension or diabetes. In addition, participants with retinal emboli had double the odds of having chronic kidney disease compared with those without retinal emboli. None of the 3 previous population-based studies of retinal emboli examined these relationships. 4, 5, 7 Our findings suggest that retinal emboli may represent a sign of vascular embolic event and damage, not only in the brain (stroke) but also in the kidneys. In support of this theory, retinal emboli have been observed in 6% to 25% of patients with atheroembolic renal disease, a clinical syndrome gaining increasing recognition for its importance. 8, 19 It is often difficult to diagnose unless kidney biopsy is performed, and it is precipitated by acute or subacute renal failure and is associated with poor prognosis. 8, 20 In view of our findings, patients with asymptomatic retinal emboli may benefit from not only general cardiovascular workup but also assessment of renal function to detect this potentially fatal complication. 21 Future longitudinal studies are needed to determine whether retinal emboli could predict risk of renal disease and its prognosis.
Limitations
Strengths of our study include its large multiethnic populationbased sample, masked grading of retinal photographs according to a standardized protocol, low number of ungradable photographs, and standardized and comprehensive assessment of risk factors. Limitations should also be noted. First, the cross-sectional design of our study prevented inferring causality. Second, any prevalence estimate of retinal emboli, in our study or others, could be an underestimate owing to the transient nature of emboli. Third, retinal emboli in our study were ascertained from 2 digital retinal images per eye, a sim- pler method than that used in previous population-based studies. This could be another source of underestimation, but it should not affect the intraethnic comparison of prevalence among the different Asian populations examined in our study. Fourth, given the large number of risk factors examined, the possibility of chance findings should be discussed. In particular, the results of the supplementary analysis stratified by ethnic groups should be interpreted with caution (eTable in the Supplement). It is well known that chance findings are more likely in subgroup analysis. While false-positive findings owing to chance are possible, the chance of false-negative results may also increase owing to smaller sample size in each group. Of note, the odds ratio for retinal emboli in association with chronic kidney disease was positive among Chinese and Indian individuals but not among Malay individuals. Furthermore, the odds ratio for retinal emboli in association with current smoking was positive among Malay and Indian persons but not among Chinese persons. The possibility of false-negative findings for these inconsistencies cannot be excluded. Lastly, our grading method was based on embolus appearance and did not account for the anatomical location of the embolus. However, there is no strong evidence that anatomical location of the embolus along the retinal vasculature is a reliable determinant for the type or source of embolus.
Conclusions
In summary, our study represents the largest cross-sectional study of retinal emboli in 3 major contemporary Asian populations, to our knowledge. Based on 88 individuals among 9978 participants, we found a relatively low age-standardized prevalence of asymptomatic retinal emboli in Malay and Chinese individuals but a higher prevalence in Indian individuals. We confirmed the associations of retinal emboli with some of the common cardiovascular risk factors, including older age, smoking, and hypertension. Besides stroke, we also found associations of retinal emboli with chronic kidney disease and its measures. These findings, if confirmed in longitudinal studies, suggest that patients with retinal emboli may benefit from general cardiovascular workup with a focus on cerebrovascular risk factors as well as renal assessment for atheroembolic renal disease.
